Background: Few studies have examined food consumption patterns in relation to biological risk factors for cardiovascular disease. Objective: The objective of the study was to describe food consumption patterns in the general Dutch population and their association with cardiovascular risk factors. Design: We performed a cross-sectional study of 19 750 randomly selected men and women aged 20-65 y from 3 Dutch municipalities. Food consumption patterns were identified with the use of factor analysis of data from a validated food-frequency questionnaire. Results: Three food consumption patterns were identified: the "cosmopolitan" pattern (greater intakes of fried vegetables, salad, rice, chicken, fish, and wine), the "traditional" pattern (greater intakes of red meat and potatoes and lesser intakes of low-fat dairy and fruit), and the "refined-foods" pattern (greater intakes of French fries, high-sugar beverages, and white bread and lesser intakes of whole-grain bread and boiled vegetables). Higher scores for the traditional pattern were associated with older age, and higher scores for the refined-foods pattern were associated with younger age, but both were associated with lower educational level, cigarette smoking, less physical activity, and higher body mass index. Independent of other lifestyle factors and body mass index, the cosmopolitan-pattern score was significantly associated with lower blood pressure and higher HDL-cholesterol concentrations, and the traditional-pattern score was associated with higher blood pressure and higher concentrations of HDL cholesterol, total cholesterol, and glucose. The refined-foods-pattern score was associated with higher total cholesterol concentrations and lower intakes of micronutrients.
INTRODUCTION
Results from the Dietary Approaches to Stop Hypertension trial (1) and the Lyon Diet Heart study (2) indicated that interventions to change dietary patterns can be highly effective in reducing cardiovascular disease (CVD) risk. However, the intervention diets in those trials were very different from common dietary patterns in Western populations (3) . Information on CVD risk associated with existing food consumption patterns in the general population may help in prioritizing public health efforts. Furthermore, insight into patterns of food use may contribute to successful implementation of dietary changes. People choose foods and combinations of foods rather than isolated nutrients, and practical dietary advice to the public in terms of foods is preferred (4) . Dietary changes may be more readily achieved if recommended foods are compatible with existing patterns of food consumption.
Factor analysis emerged as a useful method for the identification of dietary patterns on the basis of a correlation matrix of food intakes. Several studies successfully used this technique to identify interpretable patterns of food consumption (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . However, factor analysis of food consumption was used in only a few (mainly Anglo-Saxon) countries, and it is not clear whether meaningful and comparable patterns can be identified by factor analysis in other populations. Furthermore, data on food consumption patterns in relation to CVD risk factors are sparse (6, 10, 14) , particularly with regard to blood pressure and plasma glucose (10) . We examined food consumption patterns and their association with sociodemographic and lifestyle variables, nutrient intakes, and biological risk factors for CVD in a large sample of the general Dutch population.
SUBJECTS AND METHODS

Study population
The Monitoring Project on Risk Factors and Chronic Diseases in the Netherlands (MORGEN Study) was a cross-sectional study of men and women aged 20-65 y, who were examined between 1993 and 1997 (15) . The study included questionnaires and a physical examination at a Municipal Health Service site. The Medical-Ethical Committee of the TNO Nutrition and Food Research Institute (Zeist, Netherlands) approved the protocol of the MORGEN Study.
Participants were a random sample (stratified by sex and 5-y age groups) from the civil registries of Amsterdam (in the western part of the Netherlands) and Maastricht (in the southern part). In Doetinchem (in the eastern part), the study cohort consisted of persons who had participated in a previous monitoring project (1987) (1988) (1989) (1990) (1991) (16) and of a new random sample of persons aged 20-25 y to cover the whole age range. The response rate was 33% in Amsterdam, 45% in Maastricht, and 68% in Doetinchem, for a total of 22 769 participants.
We excluded from the current analysis participants who reported diabetes mellitus (n = 300), myocardial infarction (n = 275), stroke (n = 196), or use of a special diet for medical or other reasons (n = 2078), because these conditions may affect the reporting of the usual diet. We also excluded participants who were pregnant during the study (n = 142), those for whom information on potential confounders was missing (n = 450), and those with > 14 missing answers or large inconsistencies (eg, between the reported frequency of warm meals and the frequency of foods typically eaten with warm meals) on the dietary questionnaire (n = 94). After these exclusions, the study sample comprised 19 750 persons (9321 men and 10 429 women). Participants taking antihypertensive medication (n = 690) were excluded from analyses of blood pressure, and those taking cholesterol-lowering medication (n = 97) were excluded from analyses of total and HDL cholesterol.
Dietary and other questionnaires
We used the participants' responses to a self-administered foodfrequency questionnaire to assess the habitual consumption of 178 food items during the previous year (17) . For 79 main food items, frequency of consumption could be indicated as never or in times per day, week, month, or year. For 28 food items, questions referred to portion sizes shown in color photographs. For other foods, a commonly used unit or portion size was specified. The questionnaire also included questions on consumption of sub-items (eg, brown rice, white rice, and fried rice), use of additives (eg, sugar), use of supplements, special diets, and brand names of fats used on bread and for cooking. Nutrient intake was calculated by multiplying the frequency of use of each food by the portion size and by the nutrient content per gram. Values for nutrient contents of foods were obtained from the 1996 Dutch food composition table (18) , supplemented with information from other sources for trans fatty acids (19) and folate (20) .
The relative validity of the food-frequency questionnaire was assessed among 121 men and women, by comparison with the average of 12 monthly 24-h recalls (17, 21) . The median Spearman's correlation coefficient () for food groups was 0.61 for men and 0.51 for women (17) . For nutrient intakes among men and women, respectively, Pearson's correlation coefficients (r) (energy-adjusted and corrected for intraindividual variation in 24-h recalls) were 0.71 and 0.67 for protein, 0.61 and 0.63 for fat, 0.74 and 0.76 for carbohydrates, 0.85 and 0.87 for alcohol, 0.61 and 0.74 for fiber, 0.43 and 0.71 for vitamin C, and 0.58 and 0.41 for vitamin E (21) . The correlation between questionnaire-assessed protein intake and 24-h urinary nitrogen excretion (corrected for intraindividual variation in excretion) was 0.56 for men and 0.69 for women (21) .
We used the participants' responses to a self-administered questionnaire to assess the presence of known diabetes, history of myocardial infarction and stroke, medication use, parental history of diabetes, parental history of myocardial infarction before age 60 y, educational level, physical activity of at least moderate intensity (22, 23) , alcohol consumption, and cigarette smoking.
Physical examinations
Physical examinations were conducted by trained paramedics according to a standardized protocol. Weight (to the nearest 100 g on calibrated scales) and height (to the nearest 0.5 cm) were measured while the participants were wearing only light indoor clothing and no shoes. We calculated the body mass index (BMI) as weight (kg) divided by height (m) squared. Systolic blood pressure was measured twice on the left arm with a random-zero sphygmomanometer while each participant was in sitting position. The mean value of the 2 measurements was used. Nonfasting venous blood samples were collected, and glucose and cholesterol concentrations were determined in the Lipid Reference Laboratory of the Academic Dijkzigt Hospital in Rotterdam. Plasma glucose concentrations were measured by using the hexokinase method. Total cholesterol concentrations were measured enzymatically using the CHOD-PAP mono-test kit (Boehringer Mannheim, Mannheim, Germany; 24). HDL-cholesterol concentrations were determined by the same method after VLDL and LDL were precipitated from the specimen with phosphotungstic acid and magnesium chloride (25) .
Statistical analysis
To identify dietary patterns, we applied factor analysis to data from the food-frequency questionnaire. First, food items that were similar in nutrient profile and culinary use were combined (eg, lean pork and lean beef were combined into lean red meat), which resulted in 46 food groups. Intake of these food groups was adjusted for total energy intake with the use of the residual method (26) to obtain factors uncorrelated with total energy intake.
Second, we applied the principal components procedure for factor analysis of SAS software (27) to the 46 food groups. The resulting factors are linear combinations of the included variables that explain as much of the variation in the original variables as possible. Varimax rotation was applied to obtain orthogonal (uncorrelated) factors. Use of common factor analyses or oblique rotation (resulting in correlated factors) yielded similar factors. We chose to present results from principal component analysis because this is the simplest type of factor analysis and it was used in most previous reports on dietary patterns. To determine the number of factors to retain we used the Scree plot, a plot of the eigenvalues of derived factors. The eigenvalues of the factors dropped substantially after the second (from 2.69 to 2.00) and the third (from 2.00 to 1.74) factor and remained more similar after the fourth factor (1.66 for the fifth and 1.57 for the sixth factor), which suggests that retaining 2 or 3 factors would be optimal. We decided to retain 3 factors because this approach yielded factors that were more interpretable and similar in subgroups by sex and municipality.
Finally, dietary pattern scores were calculated by summing the standardized intake of foods, weighted by the factor loadings of the foods. These scores rank individuals according to the degree to which they conformed with each food consumption pattern. Thus, each participant had a score for all 3 identified food consumption patterns. We used Pearson's correlation coefficients for correlations with nutrient intakes and linear regression analysis for associations with biological risk factors. We calculated adjusted means and prevalences according to quintiles of dietary pattern scores by using analysis of covariance. P values for trend were calculated with quintiles of dietary pattern scores modeled as continuous variables. All P values were two-sided.
RESULTS
Food consumption patterns
The factor loadings of foods for the 3 identified dietary patterns are shown in Table 1 . The factor loading of a food increases as the contribution to the corresponding dietary pattern score increases. The factor that we labeled the "cosmopolitan" 1 The food consumption patterns were derived from energy-adjusted food intake, and dietary pattern scores were uncorrelated with total energy intake. MORGEN, Monitoring Project on Risk Factors and Chronic Diseases in the Netherlands. All correlations significant at P < 0.0001.
pattern was characterized by greater consumption of vegetable oils, garlic, fried vegetables, salad vegetables, rice, pasta, chicken, fish, and wine and lesser consumption of potatoes. The "traditional" pattern was characterized by greater consumption of red meat, potatoes, highly saturated added fat, coffee, and beer and lesser consumption of soy products, lowfat dairy, breakfast cereals, tea, and fruit. The "refined-foods" pattern was characterized by greater consumption of French fries, high-sugar beverages, mayonnaise, salty snacks, white bread, and candy and lesser consumption of whole-grain bread and boiled vegetables. The 3 patterns overall explained 18.4% (7.0, 6.4, and 5.1%, respectively) of the variations in food intake.
To examine the stability of the derived food consumption patterns, we conducted factor analyses within subgroups by municipality and sex. Essentially the same 3 patterns were identified in each subgroup. In groups by municipality, Pearson's correlation coefficients with pattern scores derived for the entire study population ranged from 0.88 to 0.99. In groups by sex, these correlations were ≥ 0.96 for all pattern scores.
Correlations with nutrient intakes
Higher cosmopolitan-pattern scores were significantly associated with a lower intake of saturated fat and higher intakes of polyunsaturated fat, alcohol, folate, vitamin C, and vitamin E ( Table 2 ). The traditional-pattern score was associated with higher intakes of fat and cholesterol and lower intakes of carbohydrates, calcium, and vitamin C. Although correlations between pattern scores and nutrient intakes were generally similar for the men and the women, sex differences were observed for the correlation of the traditional-pattern score with intakes of alcohol (men: r = 0.31; women: r = 0.14), vitamin B-6 (men: r = 0.26; women: r = 0.09), and folate (men: r = 0.17; women: r = 0.03). The lower correlation of the traditional-pattern score with beer consumption in the women (men: r = 0.33; women: r = 0.10) probably contributed to these sex differences. The refined-foods-pattern score was associated with higher intakes of trans fatty acids and lower intakes of protein, fiber, vitamins, and minerals.
Sociodemographic characteristics, lifestyle, and time trends
The men had a higher mean traditional-pattern score than did the women [age-adjusted difference 0.48 (95% CI: 0.45, 0.51); one unit of the scores is 1 SD]. Differences between the men and the women were small for the other dietary pattern scores [scores for the women were 0.05 (95% CI: 0.02, 0.08) higher for the cosmopolitan pattern and 0.12 (95% CI: 0.09, 0.14) higher for the refined-foods pattern].
The means and percentages of demographic and lifestyle characteristics by quintiles of dietary pattern scores are shown in Table 3 . Higher cosmopolitan-pattern scores were associated with a higher educational level, more leisure physical activity, light cigarette smoking (< 10 cigarettes/d), and supplement use. The traditional-pattern score was associated with older age (≥ 50 y), and the refined-foods-pattern score was associated with younger age (< 30 y), but both were associated with a lower educational level, less leisure physical activity, less supplement use, heavy cigarette smoking (≥ 10 cigarettes/d), and higher BMI. 
Biological risk factors of cardiovascular disease
Regression coefficients for the association between dietary pattern scores and biological risk factors are shown in Table 4 . Dietary pattern scores were expressed as the difference between the medians of the lowest and highest quintiles. Higher traditionalpattern scores were associated with a higher systolic blood pressure and higher total cholesterol and glucose concentrations. These associations were attenuated after adjustment for other risk factors (physical activity, smoking, educational level, family history of diabetes and myocardial infarction, BMI), but they remained significant, except for total cholesterol in the women. After multivariate adjustment, the traditional-pattern score was 1 n = 9321 M, 10 429 F. Values were adjusted for age (y). Quintiles were derived for men and women separately, so the percentage of men and women is evenly distributed over the quintiles.
2 P for trend < 0.0001. 3 P for trend < 0.01. 4 Low, junior high school or less; medium, high school; high, vocational college or university. The cosmopolitan-pattern score was associated with higher HDL cholesterol and lower systolic blood pressure. In addition, the pattern score was associated with lower total cholesterol in the women and with higher plasma glucose concentrations in the men. The refined-foods pattern score was associated with higher total cholesterol, higher plasma glucose, higher systolic blood pressure (in the women), and lower HDL cholesterol. After adjustment for other risk factors including BMI, associations with higher total cholesterol concentrations remained (Table 4) .
DISCUSSION
In this sample of 19 750 men and women from the general Dutch population, we identified 3 major food consumption patterns, which we called the cosmopolitan pattern, the traditional pattern, and the refined-foods pattern. The cosmopolitan-pattern score was associated with a higher educational level and more leisure physical activity. The traditional-pattern score was associated with older age, and the refined-foods-pattern score was associated with younger age, but both were associated with a lower educational level, less leisure physical activity, heavy cigarette smoking, and a higher BMI. Independent of other lifestyle factors and BMI, the cosmopolitan-pattern score was associated with lower blood pressure and higher HDL cholesterol, and the traditional-pattern score was associated with higher blood pressure and higher total cholesterol, HDL-cholesterol, and glucose concentrations. The refined-foods-pattern score was associated with higher total cholesterol concentrations and lower intakes of micronutrients.
The strengths of our study included the extensive information on diet and lifestyle, the large size of the study population, and the sampling from the general population. However, the response rate in this study was rather low (45%), particularly for men, younger persons, and inhabitants of Amsterdam (28) . Nevertheless, we identified similar dietary patterns in subgroups (by sex and municipality) with higher and lower response rates, which suggests that the lower response rates in subgroups did not substantially affect the identified dietary patterns. Comparison of responders and incomplete responders (eg, only questionnaire response or nonresponse to telephone survey) did not show marked differences for low educational level (46% compared with 49%, respectively), cigarette smoking (36% compared with 37%, respectively), or sport participation (47% compared with 43%, respectively) (28) .
Another potential limitation is that the use of principal-component analysis requires several arbitrary decisions about the selection of included variables, the number of retained factors, the method of rotation, and the labels of the factors. We conducted sensitivity analyses to examine whether these decisions affected the identified food consumption patterns. The use of other types of factor analysis (eg, common-factor analysis and oblique instead of orthogonal rotation), analyses retaining 4 instead of 3 factors, or analyses within subgroups of the population indicated that the identified patterns were robust. The labeling of the identified patterns was subjective, but it can be judged by the reader from the presented factor loadings (Table 1) .
Because food consumption patterns reflect existing dietary habits, the identified patterns can be expected to differ by population. However, similarities to food consumption patterns in other countries are evident. In Canadian and United Kingdom populations, a refinedfoods-type pattern was identified (8, 9, 11, 12) , and a "Western" dietary pattern identified in US populations was characterized by a combination of the foods associated with the traditional and the refined-foods patterns in our study (5) (6) (7) . The percentage of the variance of the original variables that is explained by factors greatly depends on the number and type of variables included. In studies of food consumption patterns that used comparable methods, the explained variance in our study was similar to that (range: 18-26% for 3 factors) in other studies of food consumption patterns that used comparable methods (5, 9, 10, 12, 13, 29) .
The observed associations between dietary pattern scores and biological risk factors in our study were generally in the expected direction. In the Health Professionals Follow-up Study, the Western dietary pattern score was associated with higher C-peptide and insulin concentrations (6) and increased risk of type 2 diabetes (30). Our finding of an association between the traditional-pattern score and plasma glucose is in line with these results, but the positive association between the cosmopolitan-pattern score and plasma glucose in the men was unexpected and requires further study. Associations with plasma glucose were essentially the same in the subgroup of our study population who reported themselves to be fasting (data not shown). Associations of major food consumption patterns with HDL and total cholesterol have been examined in several studies (6, 10, 14) . In the Health Professionals Follow-up Study, the Western dietary pattern score was associated with higher HDL-cholesterol concentrations, but the association with total cholesterol was not significant (6) . Lack of control for other lifestyle factors such as physical activity complicates interpretation of the findings of other studies (10, 14) . Information on food consumption patterns and blood pressure is sparse. In the Bogalusa Heart Study, food consumption patterns were not appreciably associated with blood pressure, but this study included only young (aged 12-24 y) persons and examined 17 eating patterns, instead of a few major dietary patterns (31) . Some of our findings for dietary patterns and biological risk factors differed substantially between the men and the women. Such sex differences were also observed in a Swedish population (32) and may reflect differences in physiology, reporting of diet, or the specific types of foods that contributed to high pattern scores. In the Dietary Approaches to Stop Hypertension trial, a diet rich in fruit, vegetables, and low-fat dairy products and with a lower saturated fat content resulted in a systolic blood pressure that was 5.5 mm Hg lower (1), a total cholesterol that was 0.35 mmol/L lower, and an HDL-cholesterol concentration that was 0.09 mmol/L lower (33) . As expected, the associations with total cholesterol and blood pressure were substantially weaker for the dietary patterns in our study, for 2 reasons. First, measurement error in diet and biological risk factors probably attenuated the associations. Second, factor analysis identifies existing food consumption patterns in free-living populations that are unlikely to represent an optimal diet for cardiovascular health. Even so, differences in the risks for CVD between persons with high and low dietary pattern scores may be substantial (7, 29) . Dietary patterns can affect the risk of coronary artery disease through multiple pathways, including those not reflected by the associations with traditional risk factors. For example, the lower intakes of vitamins and minerals associated with the refined-foodspattern score may increase the risk of coronary artery disease (34) .
Information on existing food consumption patterns, their change over time, and associated sociodemographic and lifestyle factors can be useful for public health efforts to improve diet. Interventions may be more effective if they are targeted at specific sociodemographic subgroups. In our population, for example, dietary advice to younger people should address undesirable aspects of the refined-foods pattern, whereas the traditional pattern may deserve more attention in older people. Our observation that unfavorable food consumption patterns were associated with low educational level (8) (9) (10) (11) (12) (13) , less physical activity (5, 6, 10) , and cigarette smoking (5, 6, 8, 10, 12, 35) is consistent with results from previous studies. Combining campaigns to improve diet with efforts to increase physical activity and reduce cigarette smoking may be needed to effectively reduce CVD risk.
In conclusion, this Dutch population had identifiable patterns of food consumption that were strongly linked to age, educational level, and other lifestyle factors and that were associated with biological risk factors for CVD. These data suggest that public health efforts targeted at specific population subgroups may be warranted to address undesirable aspects of the traditional and refined-foods patterns and improve cardiovascular health.
